Literacy is associated with many outcomes of research interest as well as with respondents' ability to even participate in surveys, yet very few surveys attempt to measure it because doing so is often complex, requiring extensive tests. The central goal of this paper is to develop a parsimonious measure of respondents' reading ability that does not require a complex literacy test. We use data from the 2003 National Assessment of Adult Literacy to identify correlates of reading ability to form a literacy index. These correlates include self-assessments of one's ability to understand, read and write English, and literacy practices at home. Our literacy index reliably discerns literacy test scores above educational attainment, and the index shows high internal consistency (coefficient alpha = 0.78) and validity. The paper concludes with implications of these findings for survey research practitioners and suggestions for future research.
Introduction
Changes in survey data collection have heightened the need to understand the relationship between respondent literacy and survey data quality. One such change is that telephone surveys are losing effectiveness due to reduced coverage and response rates (Lavrakas, 2010; Tucker and Lepkowski, 2008) . Over one quarter of US households are not covered by traditional landline RDD telephone surveys because they are cell-phone-only households or because they do not have telephone service (Blumberg and Luke, 2010) . These changes have lead some survey researchers to transition their telephone surveys to self-administered mail surveys, replacing a random digit dial frame with an address-based frame (Link et al., 2008) . This heavier reliance on self-administered mail surveys, as well as growing use of web surveys, means that the burden of reading the questionnaire and entering responses is shifted from interviewers to respondents. As such, understanding how individuals with varying literacy levels process survey questionnaires is increasingly important. The unavailability of a literacy assessment that can be included in most surveys, especially in self-administered surveys, precludes such understanding.
In 2003, the National Assessment of Adult Literacy (NAAL) estimated about 30 million American adults, or about 14% of the population, had prose literacy skills below a basic level (Kutner et al., 2007) . Of these, 11 million adults, or 5% of the population, were fully nonliterate in English, leaving 9% of American adults classified as literate but with extremely low levels of literacy. These adults are able to carry out only the most basic textual search tasks, but are not necessarily able to understand the text that they read. In addition, approximately 30% of adults have only basic levels of literacy, meaning they are able to read and write simple passages. Problems with literacy, defined as "an individual's ability to read, write, speak in English, compute and solve problems at levels of proficiency necessary to function on the job, in the family of the individual and in society" (Workforce Investment Act of 1998 , Public Law 105-220 -August 7, 1998 , are thus experienced by about 45% of adults in the United States.
Literacy is associated with many important economic, health and social outcomes, including educational attainment (Kirsch et al., 1993; Mellard et al., 2007) , social isolation (Adkins and Ozanne, 2005) , and numerous health behaviors and health status (see DeWalt et al., 2004 for systematic review; Lee, 1999; Parker, 2000) . People with higher levels of literacy are more likely to be employed, work more hours, be in higher or supervisory positions and have higher incomes (Kirsch et al., 1992 (Kirsch et al., , 1993 . Literacy is also associated with depression (Bennett et al., 2007) , cognitive ability (Manly et al., 2004) , and executive function (Johnson et al., 2006) . In fact, literacy has been found to explain more variation in these outcomes than age or years of education (e.g., Manly et al., 2004) .
Literacy is also related to nonresponse errors and measurement errors in sample surveys. Sampled persons who have difficulty reading will be unlikely or unable to participate in self-administered surveys (Groves, 2006; Dillman et al., 2009) , thus increasing the risk of nonresponse error on estimates related to literacy, such as measures of health, cognitive ability, and educational attainment. Interestingly, empirical studies that measure the association between literacy and survey participation are limited, but the evidence suggests that respondents to face to face surveys (measured as health literacy; Griffin et al., 2010) and in mail surveys (measured as frequency of reading books; Hüfken, 2010) have higher literacy levels than nonrespondents. Furthermore, people with lower literacy levels provide higher rates of incorrect or inconsistent responses and fail to follow skip patterns in self-administered questionnaires more often than those with higher levels of literacy (Al-Tayyib et al., 2002; Iversen et al., 1999; Lessler and Holt, 1987] , p. 262). Additionally, respondents with lower literacy levels have higher item nonresponse rates in self-administered questionnaires (Kupek, 1998; but see Williams and Swanson, 2001) . Although tools such as audio-computer assisted self-interviewing (A-CASI) are available to help overcome literacy issues in self-administered components of interviewer-administered surveys (Couper and Rowe, 1996; O'Reilly et al., 1994; Couper et al., 2009) , self-administered mail and web surveys do not usually have this assistance (although web surveys have the capability to add audio assistance).
Despite its association with these important outcomes, few large scale studies actually measure literacy. No single "gold-standard" literacy assessment exists, and those that do exist require interviewer-administered tests that may be too costly or too intimidating to administer. General literacy assessments measure at least one of three types of literacy skills: prose (reading and comprehending continuous texts like books and newspapers), document (processing non-continuous texts like job applications, surveys, drug or food labels) and quantitative (performing basic calculations like balancing a checkbook) (White and Dillow, 2005) . Commonly used general purpose reading assessments include the Wide Ranging Achievement Test (WRAT-3), the Slosson Oral Reading Test-Revised (SORT-R) and the Peabody Individual Achievement Test (PIAT). Literacy has been assessed in health studies using the Test of Functional Health Literacy in Adults (TOFHLA) (Parker et al., 1995) , the Rapid Estimate of Adult Literacy in Medicine (REALM) (Lee, 1999) , or the Medical Terminology Achievement Reading Test (MART) (Hanson-Divers, 1997) . Scores from these assessments measure literacy on a continuum, ranging from complete inability to read and write to high levels of proficiency (Fanta-Vagenshtein, 2008; Murray, 1995) . These assessments vary in length from about two to three minutes (REALM) to up to 22 min (TOFHLA), test for general or health-specific word recognition and pronunciation, ask respondents to complete simple tasks such as reading prescription labels, and have to be administered by trained interviewers (Davis et al., 1991 (Davis et al., , 1993 Hanson-Divers, 1997; Parker et al., 1995; Lee, 1999; Manly et al., 2004; Johnson et al., 2006; DeWalt et al., 2004) , making them largely infeasible for most survey research settings such as those conducted by telephone, mail or web. Although the content of the literacy assessments vary, they are highly correlated (above r = 0.70) (Davis et al., 1993; Baldi et al., 2009) .
In lieu of a literacy assessment, proxy measures such as education are used in most surveys (Couper and Rowe, 1996; Murray, 1995; Wells et al., 1994) . While education level is correlated with literacy levels (Manly et al., 2004) , measures such as years of education overestimate literacy skill level by three to five reading levels (Weiss et al., 2005; Lee, 1999; Wilson, 1995) . In fact, only 5% of persons with a high school degree, 31% of persons with a Bachelor's degree and 36% of persons with a graduate degree scored at the highest proficiency levels in the 2003 National Assessment of Adult Literacy (Kutner et al., 2007, p. 39) .
Other proxies include self-reported literacy, presence of reading materials, reading proficiency, and reading frequency (Cooper, 1997; Murray, 1995; Rodriguez and Hagan, 1991) , but are rarely assessed in surveys. One potential reason for the omission of these questions is the risk for socially desirable responses on individual items. The ability to speak, read and write English are skills considered normative for most people living in the United States (Kirsch et al., 1993; Kutner et al., 2007) , especially native born US citizens. Additionally, the presence of reading material such as books and magazines in the home is a reflection of socioeconomic status (Kirsch et al., 1993) and ability to read English. As such, any one of these measures used alone is a poor indicator of literacy.
Given the prohibitive time, expense, and logistical challenges of administering an actual literacy assessment, a reliable and valid literacy scale or index using simple self-reported measures is needed. This paper develops a new measure of literacy using behavioral questions that can be implemented across multiple modes with or without an interviewer present. We develop this literacy index using the National Assessment of Adult Literacy, a survey containing objective reading assessments and subjective questions about literacy practices and behaviors. We then show the index to have suitable face validity, construct validity, criterion validity, and predictive validity.
Data and methods

Data
The data for this study come from the 2003 National Assessment of Adult Literacy survey (NAAL) public use data file. The NAAL was conducted by Westat for the National Center for Education Statistics. An area probability sample of 18,186 adults ages 16 and older in the United States were interviewed in person using both English and Spanish-language questionnaires. The 2003 survey included a household sample and a prison sample; we examine only the household sample due to differences in the questionnaire for these two groups. The overall weighted household sample response rate was 60.1% . The overall weighted response rate is composed of response rates for the screener, background questionnaire, and literacy assessments (Baldi et al., 2009, p. 11-14) . The technical report does not state which AAPOR response rate was used; the closest appears to be AAPOR Response Rate 6, weighted by probabilities of selection.
The NAAL measures US adults' ability to read and interpret printed and written materials using a background questionnaire and three interviewer-administered literacy assessments. The background questionnaire asks about language background, previous education, political and social participation, labor force participation, literacy practices, job training and skills, family literacy, household income and welfare participation, health, and demographics. The literacy assessments measure prose, document and quantitative literacy (White and Dillow, 2005 ) on a continuum from 0 to 500 with results divided into four categories: below basic, basic, intermediate and proficient.
We will focus on prose and document literacy as these skills are needed for reading survey questionnaires more than quantitative literacy. The distributions for the four literacy categories are presented in Table 1 below. About 13% of all adults and about 10% of English-speaking adults fall into the below basic category for both prose and document literacy. These respondents have the most difficulty reading basic prose or forms. Basic scores are achieved for roughly one-quarter of adults for prose and one-fifth of all adults for document literacy. Intermediate scores are obtained for about 45% of adults for prose literacy and over half of all adults in document literacy. Only about 13% of the population performed at a proficient level in each type of literacy in the NAAL (calculations and White and Dillow, 2005) .
Due to the time needed to assess literacy in a population-based survey setting, the NAAL allows for estimates of literacy levels across the population, but individual literacy scores were not developed for each household respondent (Greenberg et al., 2007, p. D-2,) . Instead, marginal maximum likelihood estimation (MML) accounts both for uncertainty in individual scores and for the complex survey sample design. We used the AM statistical software to conduct all MML regression estimation. This software was developed and distributed specifically for estimation of the NAAL data by the American Institutes of Research (AM Statistical Software, 2009). Marginal maximum likelihood estimation methods permit inference about the distribution of literacy in the population (that is, the margin) without directly measuring literacy for each respondent. Although this increases the amount of random measurement error in the test scores, use of MML estimation methods substantially reduces the number of questions asked of each respondent. Iterative algorithms are used to solve for the parameters of interest, such as mean literacy levels or regression coefficients in models predicting literacy scores (see Baldi et al., 2009, p. 14-8-14-15 for discussion). Additionally, we assigned multiple "plausible values" to individual respondents, similar to that of a multiple imputation, to look at individual level predictors when an appropriate MML analysis is not available. All of the analyses are weighted and account for the complex survey design.
Methods
Following traditional methods for scale development (DeVellis, 1991), we used multiple reliability and validity assessments to develop the self-assessed literacy index. These included examining construct validity, criterion validity, scale reliability, concurrent validity, and predictive validity of the index items.
First, all items in the NAAL background questionnaire were reviewed as candidate questions for the self-assessed lit- Rows may not sum to 100% due to rounding.
eracy index. Survey items were selected for further analysis if they fit two criteria: (1) the item measured general literacy, not health or other domain-specific literacy and (2) the question was asked of all household respondents. The first criterion was used to establish construct validity; the second ensured that data would be available for the next steps of index development. All variables that met these two criteria were selected for further analysis. Because questions were asked using different response scales, all of the items were dichotomized to indicate "higher" and "lower" literacy (see Table 1 ).
Internal reliability occurs when the items in an index are strongly correlated. After paring down the items based on the above analyses, the internal reliability of the remaining items was assessed using Kuder-Richardson 20 (KR-20) coefficients -the equivalent of Cronbach's alpha for dichotomous items. KR-20 ranges from zero to one. Although there are no clear established cutpoints for acceptable levels of KR-20 or Cronbach's alpha, values above 0.65 are considered minimally acceptable, with values above 0.70 considered acceptable (DeVellis, 1991, p. 85) .
Criterion validity occurs when a scale or index is highly predictive of a gold standard measurement (Groves, 1989) . Criterion validity was assessed by regressing each of the selected items on the objective literacy measures (i.e., interviewer-administered literacy assessments) in the NAAL using a marginal maximum likelihood (MML) regression. An item was considered to have criterion validity if the direction of the coefficient was consistent across models predicting document, prose, and quantitative literacy (not presented here) in univariate and multivariate analyses and the statistical significance level did not drop below 0.05 in any of the models. Given the large sample size, we required the predictor to be statistically significant across all three models. If an item was significantly associated in bivariate analyses, but not multivariate analyses at the 0.05 level, it was dropped from consideration for the index. All of the analyses were conducted separately for all households and for English-speaking households alone. We report three measures of criterion validity. First, the R 2 statistic from the MML regression predicting the raw literacy scores told us how much variance of the literacy scores are explained by the index. This is the strictest measure of criterion validity. We next treated the index as a latent continuous trait, imperfectly measured through the categorical ordinal variable (Mislevy, 1985 (Mislevy, , 1991 . We examined the correlation between the latent literacy trait as measured by the index and the raw prose and document literacy scores. This analysis is conducted using the MML Table ( Ordinal) procedure in the AM software. Finally although the index may not explain large amounts of variance in the raw scores, it may discriminate well across the literacy categories. Therefore, we estimated gamma coefficients to examine the association between the index and the four categories of "below basic," "basic," "intermediate" and "proficient" literacy. Gamma is a "proportional reduction in error" statistic, with "an interpretation analogous to that of r 2 " (Costner, 1965, p. 350) . Gamma is also a symmetric statistic, meaning that the ability to predict the SALI scores using the assessed literacy categories is improved by the same amount as the ability to predict the assessed literacy categories using the SALI. Each of these measures of criterion validity tells a slightly different story, explaining the raw scores directly, through latent variable models, and explaining the categories of literacy.
Concurrent validity "is the correlation between a measure and some criterion measured at the same point in time" (Groves, 1989, p. 23 ). Since education is often used as an alternative proxy for literacy, the index should be correlated with education to demonstrate concurrent validity. We also examined the association of the index with primary language (English vs. Spanish) and with age. To evaluate whether the index explains unique variance in literacy scores, we also reran our criterion validity models including education, primary language, and age as control variables.
Finally, we reevaluated whether the relationship between the index variable and outcomes of interest were of similar direction as those between literacy and outcomes of interest. We focus on ratings of self-reported health, volunteerism and employment status as examples of outcomes of interest to many literacy and social science researchers.
Results
Identification of possible index items
After a thorough review of the NAAL questionnaire, nine questions ( Table 2 ) were identified that were asked of every respondent and have a probable or theoretical link to reading ability, excluding educational attainment, physical or learning disabilities, or health-specific literacy practices. These questions fell into one of two domains (1) self-assessed literacy and (2) general literacy practices.
We recoded the selected items into dichotomous variables such that a low score (0) corresponds to lower ability and a high score (1) indicates higher ability. In particular, responses to the self-rated literacy questions were coded such that responses of understanding, reading or writing English "very well" indicated higher ability and responses of "well," "not well," and "not at all" indicated lower ability. Overall, 83.2% of adults reported understanding spoken English very well, 75.6% reported reading it very well, and 70.1% reported writing English very well (Table 2) . Persons who report having at least 25 books in their home or having a variety of magazines or other reading materials were coded as having higher ability. Almost 90% of adults reported having either of these reading materials. People who read newspapers or magazines, books, or letters and notes every day also were coded as having higher literacy.
Inter-item correlations and scale reliability
Next we examined the Spearman correlations among the dichotomized items to evaluate construct validity. We expected positive correlations among the items. We also expected that correlations among items measured using similar response formats (e.g., true/false; very well, well, not well, not at all) would be stronger than correlations among items measured with different response formats due to methods effects (Alwin, 2007) . Table 3 presents the correlations among the items for all adults below the diagonal in bold font and for the English-only sample above the diagonal in italics.
The items with the highest correlation were self-rated ability to read English and self-rated ability to write English (all households, r = 0.79, p < .0001; English-speaking households, r = 0.75, p < .0001). The two reading practice items (more than 25 books in the home and variety of magazines in the home) had moderate association overall (r = 0.40, p < .0001) and for English-speaking adults (r = 0.33, p < 0.0001). The correlation of r = 0.15 (p < 0.0001) between selfrated ability to speak English and reading newspapers and magazines was the weakest observed among all households. Among English-speaking adults, the weakest association was r = 0.06 (p < .0001) between reading newspapers and magazines and self-rated ability to understand spoken English.
These correlations indicate great variability in the strength of the associations across the items. To identify a more parsimonious set of items, we first calculated the Kuder-Richardson-20 coefficient (KR-20; the equivalent of Cronbach's alpha for dichotomous variables) to quantify the amount of shared variance among all of the items. Including all of the possible items yielded a KR-20 of 0.77 for all adults and 0.68 for English-speaking adults. Then, we deleted each item and examined its correlation with the total of the remaining items and the associated effect on the KR-20 coefficient. The goal of this analysis was to identify items that could be eliminated from the index because (1) their correlation with the remaining items was low and, as a result, (2) their omission from the index improved the KR-20 value among the remaining items. As can be seen in the left side of Table 4 , reading newspapers and magazines had the lowest item-total correlation. For this item, the correlation with the total of all nine items for all households was 0.27 The category represented here is the "higher" literacy category. The "lower" literacy categories are "well," "not well," and "not at all" for the understand, speak, read and write English questions (A15), reading newspapers or magazines, books, and letters and notes less than "every day" (E2), and answering "false" to the H13 series of questions. Table 3 . Spearman correlation matrix for five self-reported literacy measures, all adults below the diagonal in bold font, correlation for English-only adults are above the diagonal in italic font. All adults in bold, English-speaking adults in italics. and dropped to 0.19 for English-speaking households. Thus, this item was a candidate for removal from the index.
Criterion validity of the items
To test the criterion validity of each of the items, we examine how well each predicted assessed literacy. We started by including all nine self-assessed literacy and literacy practices items in marginal maximum likelihood regressions predicting document and prose literacy. Three of these nine items -self-rated English speaking ability, frequency of reading newspapers or magazines in English, and frequency of reading books in English -did not meet conventional levels of significance (p < .05) in at least one of the multivariate models and were thus excluded from the index (analyses not shown, but available from the authors upon request). Frequency of reading letters and notes in English was consistently significant and positive for all three literacy tests. However, additional analyses indicated that excluding this variable meaningfully improved the reliability of the index (an increase from KR-20 of 0.75 to 0.78 for all adults; increase from 0.646 to 0.69 for English-speaking adults; the right half of Table 4 ). Although these items were not specifically developed to be a scale, the reliability of the index is adequate using traditional cutoffs of 0.65 and 0.70 (DeVellis, 1991, p. 85) .
The final index contained five variables (understand spoken English, read English, write English, more than 25 books at home, and variety of magazines at home) which were added together to form the self-assessed literacy index (SALI). The SALI ranges from 0 to 5, with a mean of 4.07 (SD = 1.87) for all adults and a mean of 4.27 (SD = 1.32) for English-speaking adults. All five variables were strong and highly significant (p < 0.0001) predictors of both prose and document literacy (results not shown; available from authors on request). This indicated that people who understand spoken English, read English, write English, and have 25 or more books or a variety of magazines and reading materials at home have significantly higher literacy scores than those who do not have these characteristics. In addition, when the five items were summed to create an index, the index was significantly and positively associated with each of the types of literacy as measured by the NAAL assessment (p < .0001 for all models; results available from authors on request). The single variable index explained roughly the same amount of variability in literacy scores as the five variables individually, ranging from 1.9% for English-speaking households on the document literacy test to 4.22% for all households on the prose literacy test. 3 When the index was treated instead as a latent trait, rather than one directly measured, the correlation, rho, and the explained variance in this latent trait model, measured as rho 2 , rose, ranging from an explained variance of 15.9% for English-speaking households on the document literacy test to 34.0% for prose literacy for all households (see Table 5 ).
About 60% of all adults and about 64% of English-speaking adults had a value of 5 on the index, indicating that they provided a "high literacy" report on all five of the questions (Table 6 ). Yet, almost 16% of the population had a value of 0, 1 or 2 on the index, indicating they provided no more than two reports in the "high literacy" category across all five of the questions. Looking only at English-speaking adults, about 11% fell into the lowest three values on the index. In comparison, about 14% of the US adult population fell into the below basic category, 29% at the basic category, 44% to intermediate, and about 13% to proficient. Table 6 also shows the mean document and prose literacy score as measured by the NAAL assessment for each level of the SALI for all adults and for English-speaking adults. As expected from the above regression results, there 3. R-squared measures for linear regression models estimated on data with complex sample designs and multiple imputations were not reported by the AM software. An estimated R 2 was calculated by the authors using the log-likelihood from the model. was a monotonic relationship between the index scores and the assessed literacy levels -respondents who had a lower index score also scored lower in the NAAL prose and document literacy assessments. Likewise, respondents with the highest SALI scores tended to score higher in the prose and document literacy assessments. Notably, the group with a 0 on the SALI for English-speaking adults and with a 0 or 1 for all adults had mean document and prose literacy scores that fell below the "below basic" cutoff (210 for prose and 205 for document) in the NAAL assessment of both tests. That is, the lower values of the index reliably discern those who have the most difficulty with reading. Moreover, English-speaking and all adults with SALI scores of 4 or 5 had mean NAAL assessment scores that fell between the "intermediate" (265 for prose and 250 for document) and "proficient" (340 for prose and 335 for document) cutoff in both tests. Thus, the higher values of the index reliably discern those who have the least difficulty with reading. Figure 1 , Panel A, illustrates the ability of the SALI to discriminate between NAAL literacy levels. The percentage of adults in each proficiency level of prose literacy is displayed for each level of the SALI for all adults and Englishspeaking adults. Respondents who scored in the lowest SALI category were most likely to fall in the below basic category in the NAAL prose literacy assessment while very few respondents who were assessed at the intermediate or proficient levels fall into this category. Likewise, those who fall into the highest SALI categories were likely to score in the intermediate and proficient NAAL levels, while very few respondents scoring at the basic or below basic levels were found in these higher categories. This pattern is consistent for document literacy (not shown), for all adults, and for English-speaking adults. When the literacy categories were examined rather than the raw scores, the association between the index and the literacy proficiency categories was strong, ranging from a gamma of 0.425 for document literacy among English speaking adults to 0.577 for prose literacy among all adults. That is, we improved our predictions in the prose literacy categories by 57.7% by using the SALI over not using it at all (Costner, 1965; Kviz, 1981) .
Panel B of Figure 1 illustrates the distribution of SALI scores within each assessed prose literacy category for all adults and English-speaking adults. Although only 2.5% of adults (0.7% of English-Speaking adults) had a SALI score of zero, 13% of adults in the "below basic" category had this score. In fact, 30.4% of persons in the "below basic" category had the bottom two SALI scores of 0 or 1, falling to 5.9% of those in the "basic" category, 1.0% of those in the "intermediate" category, and about 0.1% of those in the "proficient" category. Thus, those who scored at the bottom of the SALI distribution are highly unlikely to have more than "basic" prose literacy levels. Similarly, the proportion of persons in the top two SALI categories decreased as the assessed literacy levels decreased. Almost all of the adults (94.8% of all adults; 95.2% of English-speaking adults) who were assessed to be in the "proficient" literacy category had a value of 4 or 5 on the SALI, monotonically declining to 31.2% of those in the "below basic" category having these SALI scores. Those who scored at the top of the SALI distribution were found across the literacy spectrum, but were more likely to be among those with higher literacy levels.
Concurrent validity
Concurrent validity is the association between a measure and other constructs to which it theoretically should be related (Groves, 1989) . To examine the concurrent validity of the SALI, we examined the correlation between the in- dex and education, primary language, and age. The SALI was strongly and positively associated with language and education (r = 0.51 and r = 0.36, p < .0001, respectively), but not significantly associated with age (r = −0.005, p = 0.54). Moreover, the association between the index and education was greater than the correlation between language and education (r = 0.20, p < .0001), or between age and either language or education (r = 0.07, p < .0001 and r = 0.13, p < .0001, respectively). Similar patterns were seen when looking only at English-speaking adults, with a significant, positive correlation between education and the SALI (r = 0.30, p < .0001) and a weak, negative correlation between age and the SALI (r = −0.05, p < .0001).
Given the aforementioned association between education and literacy that others have reported (Kirsch et al., 1993; Kutner et al., 2007) ) and were found in these data, one concern that arises is that the association between the SALI and NAAL-assessed literacy scores -the test of criterion validity -is spurious. To examine this hypothesis, we reestimated the regression models predicting NAAL assessed literacy with the SALI index, controlling for age, education, and language (when looking at all households - Table 7) . When looking at all adults, the magnitude of the SALI coefficient predicting document literacy decreased from beta = 20.8 (SE = 0.67) when it is the only variable in the model to beta = 11.9 (SE = 0.51) and from beta = 23.8 (SE = 0.72) to 10.2 (SE = 0.49) when predicting prose literacy, reflecting the shared variance of the index with education and language. Yet, the index remained a positive and highly significant predictor (p < .0001) of NAAL-assessed literacy in all models. These results indicated that despite the association between education and the SALI, the index continued to explain unique variance in literacy, above and beyond educational levels.
Predictive validity
To be useful, the SALI literacy index should predict outcomes in a direction similar to that of the assessed literacy scores. To examine this, we selected outcome variables from the three domains of health, economics, and social participation. To examine the relationship between the SALI and health, we look at self-reported health status, reported on a five point scale from poor to excellent. In the domain of social participation, we look at volunteerism. In the economic domain, we predict the probability of being unemployed or not in the labor force compared to being em- ployed. We focus on the prose literacy scores in the following analyses. Table 8 shows that NAAL-assessed prose literacy was a significant and positive predictor (beta = 0.17, se = 0.02) of self-reported health -persons who have higher literacy also report being in better health -and of being a volunteer (beta = 0.31, se = 0.04). We see an identical pattern for the SALI, with a positive and significant relationship with health status (beta = 0.11, se = 0.01) and volunteerism (beta = 0.21, se = 0.02). The two variables -although not identical -clearly share common variance, with the magnitude of the coefficients reduced when both are entered in the model.
The pattern is slightly different with employment status. Table 9 shows multinomial logistic regression coefficients predicting being unemployed or out of the labor force compared to being employed. NAAL-assessed prose literacy was strongly associated with employment status (beta = −0.17, se = 0.07 for unemployed vs. employed; −0.14, se = 0.03 for out of the labor force vs. employed). Surprisingly, the SALI was not a statistically significant predictor of being unemployed or out of the labor force (beta = −0.003, se 0.047 for unemployed vs. employed; beta = 0.018, se = 0.020 for out of the labor force vs. employed). Thus, while the SALI was a good predictor in the health and social participation domains, there may be limitations in the economic domain.
Discussion and conclusion
With increasing numbers of surveys being conducted in self-administered modes, it is important to understand how different levels of literacy might affect responses. Survey researchers can work to improve the survey process for those who might struggle to answer survey questions and also evaluate whether people with low literacy are represented in their respondent pool. Those who are studying outcomes linked to literacy such as social participation, social isolation, health, and mental health will need to be particularly vigilant about ensuring that individuals from all levels of the literacy continuum make it into their respondent pool. However, since current literacy assessments require complex interviewer administration, few studies collect information about respondents' literacy skills. A simpler measure that can be included in either interviewer-or self-administered surveys is badly needed. This paper reports efforts to develop and validate such a measure, the Self-Administered Literacy Index. Developed on a nationally-representative sample of adults in the United States, the SALI shows reasonable reliability, criterion validity, concurrent validity and predictive ability. Moreover, the SALI discriminates literacy levels among English speakers, a group frequently ignored in other examinations of literacy.
The SALI cannot completely replace other literacy assessments. Although it is associated with prose and document literacy measures in the NAAL, it is a relatively coarse measure. Researchers who need the detail that comes with more traditional assessment methods will find the SALI lacking as it does not explain extremely high amounts of variability in the raw NAAL prose and document literacy scores. It does, however, show good explanatory value for the coarser literacy categories of Below Basic, Basic, Intermediate and Proficient. In addition, the new index measures literacy on a continuum rather than as a literate vs. illiterate dichotomy. Thus, while it is a somewhat coarse measure, it does provide a viable alternative for collecting information about literacy levels in studies where great detail is not needed or when it is not feasible to have interviewers administer complex literacy assessments.
Because it uses only five simple questions, the SALI could easily be included in surveys without adding a great deal of respondent burden or requiring too much extra space. Although we do not have time estimates for how long these five questions took to be administered in the NAAL, a rough estimate of two to four questions per minute would indicate that these five questions would add between one and two minutes to an interviewer-administered survey. This added length is much less than that for adding traditional literacy assessments. Although the NAAL did not ask the SALI items consecutively, as a set of conceptually related items, the SALI questions could be added as a series of questions in any questionnaire. Alternatively, the SALI items could be separated -such as in the NAALinto questions about leisure activities (of which reading is one type) and questions about general skills (of which English speaking, reading and writing are types of skills). Moreover, given its brevity, the SALI is a measure that can be obtained on each respondent. In the NAAL, individual literacy scores for each respondent could not be calculated given the desire to limit respondent burden. In contrast, the SALI questions were asked of all respondents.
An additional strength of the SALI is that interviewers do not need to receive special training. In the NAAL, interviewers were trained on how to conduct the literacy assessments using both the computerized instrument and paper booklets, with different procedures for those respondents with the lowest literacy levels (Baldi et al., 2009, pp . 1-9-1-10). The routine standardized interviewer training conducted at most survey organizations is sufficient for reading the SALI questions as written. This reduces the cost of interviewer training in addition to minimizing the risk of interviewer errors. Furthermore, in settings where measures such as the TOFHLA, REALM, or MART have been used, these five questions could cue health professionals to provide support for their patients or clients in understanding and following prescriptions or brochures on healthy behaviors, among others.
A potential drawback is that the SALI questions themselves may be subject to measurement error such as social desirability biases in self-reports about English-language ability. Furthermore, the reports about the presence of 25 or more books, a variety of magazines or other reading materials, and the frequency of reading newspapers, books, or letters or notes may be inaccurate. These inaccuracies may arise from social desirability, from difficulty in estimating the frequency of these behaviors, or from complex terms such as "variety." Although the use of multiple questions helps to overcome this limitation, it is possible that each question suffers from some of these errors. To the extent that the self-reports are systematically biased in the direction of "higher literacy" reports, persons with lower assessed literacy levels will have inflated SALI scores. This might explain the lack of association between the SALI and the economic domain of employment and the frequency of high SALI scores among those with "below basic" literacy levels.
Despite the imperfections, the SALI operationalizes a concept (literacy) that is generally measured by a different proxy, education. In our multivariate models, the SALI continues to explain literacy even after accounting for educational differences. This indicates that the SALI measures a component of literacy distinct from educational attainment (i.e., that is not accounted for in studies using only the education proxy). Educational attainment clearly measures literacy, but also is a measure of a host of other socioeconomic characteristics that are distinct from literacy. Thus, the SALI allows literacy to be measured in a more direct way without the burden of a full assessment.
The development of the SALI presented here needs to be replicated in other studies and survey modes. As detailed, one of the goals in developing this measure is that it could be transported to other surveys, including self-administered surveys. More research needs to be done to determine whether the SALI maintains its reliability and validity when administered in these modes. For instance, whether similar levels of reliability and validity are obtained in self-administered modes where literacy problems are most salient could be examined by including these questions in mail or web surveys. Additionally, empirical examination of reliability and validity when these questions are asked sequentially compared to broken into different sections of the questionnaire would further inform the use of this index. Finally, whether the SALI is also predictive of data quality outcomes such as item nonresponse may prove useful for designing questionnaires for lower literacy respondents. The ability to measure literacy in a wide variety of surveys and survey modes opens up countless possibilities for understanding social phenomena that are related to literacy and for improving our methodological understanding about how literacy is related to survey data quality.
